Result: Weight of the patients was <1 kg in 10%, and >2 kg in 75%. Catheters tip placement was as aimed, mostly superior cava vein (SCV), in 65.5%, and subclavian vein in remaining 34.5% and average duration of catheterization was 13.5 ± 9.6 and 8.9 ± 5.8 days, respectively. Blood sampling through both lumens was possible especially when the tip was at SCV. Reasons for catheter withdrawal were end of indication (45.9%), phlebitis/edema (21.3%), suspected infection (3.2%), accidental withdrawal (3.2%) and rupture of proximal end (3.2%). In three (4.9%) patients, withdrawal was due to serious complications (two cases of pleural leakage of infusion fluid and one breakage of the metallic guide). About 16.3% of the patients died with the catheter still in situ. Infection findings were positive tip culture (14.7%) and catheter-related sepsis (3.2%).
Introduction
The use of peripherally inserted central catheters (PICC) has been a common procedure in neonatal intensive care units (NICU) since it was introduced by Shaw in 1973. 1 More and more often, NICU patients require more than one venous access to administer multiple analgesic and/or cardiovasoactive drugs, heparin solutions, insulin or diuretics in continuous infusion at the same time as parenteral nutrition solutions with high osmolarity.
The groups most likely to present these situations are low birth weight infants (LBWI) with serious respiratory distress and hemodynamic instability, and newborns at or close to term with congenital malformations, primarily cardiac or digestive, which require surgical treatment in the early days of life. In these patients, it is also frequently necessary to obtain blood for laboratory tests. Therefore, the availability of safe intravascular routes that guarantee a uniform rhythm of the multiple perfusions needed, while respecting drug compatibilities between various solutions, as well as blood samples for laboratory tests, is a very important consideration in the management of these newborn infants.
In some cases, catheterization of the umbilical vessels fails or is not indicated (abdominal surgical pathology), or the need for multiple infusions arises after the first few days of life. Common practices in these situations consist of maintaining various peripheral veins; these veins are less safe when high osmolarity solutions or cardiovasoactive drugs are infused, the introduction of one or various PICC that allow infusions but not blood withdrawal or a central vascular access via the femoral, jugular or, less frequently, subclavian veins using the Seldinger technique. [2] [3] [4] Arterial blood samples may be obtained by puncture or through umbilical, radial or femoral catheters, especially for blood gas analysis, but due to the risks of thrombotic and ischemic complications, and the possibility of noninvasively monitoring transcutaneous PO 2 and/or oxygen saturation of hemoglobin, the maintenance of these lines is usually much shorter than venous catheters.
The Seldinger technique has rarely been used for peripheral insertion of central catheters in newborn infants. 5 Although peripheral insertion double-lumen central catheters (PIDLCC) have been used in children aged 1.7 to 13.8 years, 6 only since the end of 2003 have catheters with appropriate characteristics for neonatal use been available in our NICU.
Given that this is a new technology, potentially less invasive than central venous accesses, allowing two independent routes for i.v. solution administration with enough flow rate ranges for the neonatal needs and that it also permits blood sampling, we wanted to evaluate our experience with these catheters and with this procedure. The objective of this study was to analyze the results obtained after the introduction of a PIDLCC in sick preterm/full-term newborn infants by examining characteristics, indications, entry point and tip location, efficacy for blood sampling and complications.
Methods

Patients
Clinical records of 64 neonates that had a PIDLCC inserted between 2003 and 2006 were reviewed. In three cases, detailed data regarding the catheterization were not available, so the data were analyzed for the remaining 61 patients. The study was approved by the clinical research ethics committee of the hospital.
Catheter insertion technique A polyurethane 3 French gauge (FG) catheter, 20 cm in length and two lumens of 22 gauge each, radiopaque, with a distal blunt opening and a lateral opening was used (Vygon, France).
The placement of these catheters was achieved using an adapted Seldinger technique, 7 in our NICU by the nurses who were experts in the insertion and management of PICC and had an initial period of training with this procedure.
Newborns remained in the same incubator or radiant heater and were gently immobilized with help from another person. Externally, the distance from the place of the puncture to the 2nd to 3rd right intercostal space in the right parasternal region was measured, following the hypothetical path of the catheter to calculate the approximate length of introduction from the upper body to place the tip in the superior cava vein (SCV), and in the low abdominal portion of the inferior cava vein for catheterization in lower extremities to decrease the risk of local thrombosis and flow restriction of renal and mesenteric veins. The procedure was performed following the Centers for Disease Control and Prevention recommendations. 8 Depending on the patient condition and continuous i.v. sedoanalgesia, oral sucrose, sedoanalgesia (fentanyl) or local analgesia with prilocaine (Emla) were used. There was no need for the initiation of mechanical ventilation or general anesthesia only for the purpose of the procedure. After filling the two lumens with normal heparinized saline solution (1 U ml À1 ), the next steps were Peripheral entry double-lumen central catheter TM Bueno et al as shown in Figure 1 : (1) insertion of the short peripheral cannula into the vein; (2) introduction of the metallic guide through the short catheter only as far as the first black mark (10 cm) and then removal of the short catheter holding the position of the metallic guide; (3) threading of the dilator by its blue end in the metallic guide, and advance until two clicks are noticed, first when entering the skin and the second in the vein. A small (1 mm) opening in the skin is advisable in term or near-term babies, but not needed in very low birth weight infants (VLBWI); (4) the distal end of the catheter was threaded into the metallic guide, and with dissection tweezers without teeth, the catheter very slowly advanced exerting moderate pressure on the skin. A double click should again be noted. When the catheter was introduced more than 2 to 3 cm into the vein, the metallic guide was withdrawn exerting gentle traction, and the catheter advanced until the measured length checking that blood was obtained by the two lumens. A simple chest or abdomen X-ray was carried out to locate, and modify if needed, the position of the tip without the need to use contrast media that could be risky, particularly in VLBWI due to its iodine content. 9 Variables analyzed Variables such as gestational age (GA), birth weight, indication for catheter placement, the most important disease or event prompting the indication, weight and postnatal age of the patient at the time of insertion, puncture and catheter tip location, duration of placement of the catheter, complications, date and reason for withdrawal, blood and catheter tip cultures were analyzed. Suspected clinical infection as a reason for withdrawal was considered when findings in physical examination or changes in hemodynamic or metabolic status indicated the need to obtain blood cultures and start antibiotic treatment.
Statistical analysis
Descriptive statistics were calculated on all numeric and qualitative data, giving the mean ± s.d., as well as the range of all quantitative variables. In the qualitative variables, absolute frequencies and percentages are given.
Results
Complete data were obtained from 61 clinical records. Mean GA at birth was 36±4.8 weeks and the weight ranged from 670 to 4610 g (Table 1 ). Indications for catheter placement are detailed in Table 2 . Total 75% of the catheters were placed in infants weighting more than 2000 g (Table 3 ), and the average age at insertion was 10.08 ± 13.71 days. Most catheters (86.88%) were introduced in upper extremities, particularly the cephalic or basilic veins (29 catheters, 47.54%), whereas seven (11.48%) catheters could be advanced from dorsal metacarpal veins of the hand. In two (3.28%) cases, a lower extremity was catheterized at the level of the internal saphenous vein and in one (1.64%) case the catheterization was performed at the level of the left superficial temporal vein. There were no differences in weight between the different catheter locations. The number of vein punctures needed to place the catheter was not recorded.
The final placement of the tip of the catheter after X-ray evaluation and repositioning when needed was as aimed in 40 (65.57%), and subclavian vein in 21 (34.42%). Blood sampling was performed without any difficulties through both lumens when the tip was located in the SCV during the first week catheters remained in place. Afterward, although in some cases blood withdrawal was not possible, the infusion of fluids continued and thrombotic or other complications were not detected. In 6 of 21 cases of subclavian vein tip location, infusions could be maintained but blood sampling was not possible.
Average duration of catheterization for subclavian tip location was 8.9 ± 5.89 days, and 13.58 ± 9.67 days for all other cases with intended central tip. Table 4 shows the reason for withdrawal and mean stay of the catheters. Local edema/phlebitis were the most common complications. Two cases of bilateral pleural effusion showed no problems during the insertion of the catheters, tip position was correct and their weight was 680 and 2716 g. Both recovered after pleural drainage and catheter removal. One case of breakage of the metallic guide was also detected. The fragment could be removed 
Discussion
We have found only in Valk et al. 5 in 1995 the reference of the insertion of PICC using the Seldinger technique in newborn infants, and none with PIDLCC. Since the introduction of a new catheter model in 1993, we considered of interest to report our initial experience with this procedure that offers a new alternative to the currently available methods for venous access.
As an initial approach, the availability of PIDLCC could meet the need for multiple continuous and bolus infusions such as parenteral nutrition, dopamine, dobutamine, insulin, opioid analgesia and so on, in preterm and term newborn infants with severe medical or surgical problems. Its use obviously does not exclude the need for arterial and/or central venous catheters in some of the cases previously described to strictly control hemodynamics and blood gas values and safe management of fluids and medications during anesthesia and immediate postoperative period, or during a more acute phase of the illness. However, it can shorten the duration of these invasive lines, and facilitate the future availability of central veins that could be important for future diagnostic or surgical procedures.
The choice of the access route should be based on the size of the vein and the distance from the peripheral entry point to the aimed tip position considering the length of the catheter. We used epicranial, lower extremities and mostly upper extremities veins. This choice coincides with that mostly used and recommended for 2 FG PICC. 10 In patients with necrotizing enterocolitis or surgical abdominal problems, lower extremities veins were not used to decrease the risk of inferior cava vein thrombosis and intestinal circulatory impairment.
Of the complications observed, breakage of the guide can be prevented if bending is avoided throughout the procedure and the metallic guide is only advanced 3 to 4 cm into the vein past the tip of the insertion of short catheter. Gentle progress of the catheter will be then usually easier than with 2 FG PICC.
The greater stiffness and size of these 3 FG polyurethane catheters probably explain the high incidence of mechanical complications (phlebitis/edema) similar to that reported by Valk et al., 5 and somewhat higher than that of silicone PICC.
11
Accidental dislodgment of the catheters occurred in 3.25% of the cases. Published data on accidental withdrawal of central catheters varied between 2.5 and 29% of the cases. 2, 11 Among the infectious complications, the incidence of catheterrelated sepsis with positive blood culture was lower than that reported in other studies in newborns. 2, 4, [12] [13] [14] [15] A possible explanation for this low incidence is that the indication for catheter placement in 12 cases was a previous episode of nosocomial sepsis requiring antimicrobial treatment and hemodynamic support and excluding the diagnosis of sepsis unless a different microorganism was detected in blood cultures. Positive catheter tip colonization was also in the low range of published data. 10, 16 Although catheter manipulation has been associated with increased risk of catheter-related sepsis, 15 when strict aseptic measures are applied and interventions concentrated, blood sampling through these catheters may avoid painful venipunctures without significantly increasing thrombosis, blockage and infection rates when 3 FG catheters are used. 17 In our study there was no case of withdrawal of the catheter due to blockage. Reported incidence of obstruction varies between 6 and 10% of cases, both for PICC 9, 10 and for femoral venous catheterization. 2 Withdrawal of the catheter due to the end of indication was similar to that in published data for both femoral venous catheters 2 and PICC inserted with the Seldinger technique in children, 11 and lower than that reported by others regarding PICC. 3, 10 In our study, the average duration of the catheters seems somewhat greater than that reported with central catheters. 2 Our values approximate the rates of other PICC 13 and are slightly lower than that reported by the Castrillo hospital group. 10 In summary, we consider that the use of PIDLCC should be carefully and prospectively evaluated, considering possible advantages and risks of the technique. Among the advantages, the possibility of use in VLBWI, even less than 1000 g, should be highlighted. The peripheral access entry point and ease of keeping it in place allow more secure postural changes, especially to prone position, compared with umbilical, subclavian or femoral catheters. There are fewer difficulties and less need for peripheral vein cannulations to administer multiple potentially incompatible medications. Neonatal nurses or medical staff, with training and rigorous adherence to the technique, can conduct the procedure with minimal or low-level sedoanalgesia without mechanical ventilation, and avoid in some patients the need for a potentially more aggressive insertion of a central catheter and perhaps preserving the vein for further interventions. However, it is necessary to take into account the high incidence of mechanical complications observed, and especially the serious complications described. It can be speculated that catheters made of softer and less aggressive materials than that of polyurethane might be safer. Until these softer catheters are available, in view of the mentioned higher incidence of potential serious complications, caution should be taken before recommending these catheters for routine use in the NICU.
